O
bstructive sleep apnea (OSA) is a common form of sleep-disordered breathing (SDB) that has significant consequences in the perioperative setting. 1, 2 However, strategies to reduce postoperative risk are difficult to implement since many patients with SDB and OSA have not received a formal diagnosis at the time of surgery. 3 Published guidelines regarding the role of various screening modalities for OSA, and the management of patients with known OSA undergoing surgery, have been based largely on expert opinion, reflecting the relative lack of evidence derived from clinical studies. 4 We sought to determine whether a simple screening protocol for OSA-related signs and symptoms performed at the time of preoperative assessment for elective surgery, followed by home nocturnal oximetry in selected cases, could identify patients who are at increased risk of perioperative complications.
Materials and Methods

Patients
We reviewed the medical records of elective surgery patients who were at least 18 years of age (performed on an inpatient or outpatient basis) who underwent preoperative screening for SDB based on an established clinical protocol at North Shore University Hospital, a tertiary care hospital in New York, between July 2004 and November 2006. During preoperative assessment in the preanesthesia testing unit, patients without a prior diagnosis of OSA but with at least two clinical features suggestive of OSA on a standardized screening questionnaire and physical examination (eg, snoring, excessive daytime somnolence, witnessed apneas, or crowded oropharynx) were selected for home nocturnal oximetry testing. The results were interpreted by sleep medicinetrained physicians prior to the scheduled surgery. Studies that did not provide at least 4 h of adequate recording time were excluded. The results of the oximetry studies were made available to the anesthesia and surgical teams, as well as to the primary care physician. Because subsequent medical care was provided at the discretion of the patients' usual physicians, further follow-up beyond the surgical period delineated in the charts was not available to the research team; therefore, the results of formal polysomnography, which may have been performed after this hospitalization for further evaluation of oximetry results was not available for review. Oximeters were programmed to average measurements over 8-s intervals. This study was approved by the hospital institutional review board.
Protocol
Chart reviewers were blinded to the results of the oximetry testing. Demographic information, comorbidities, nocturnal oximetry results, and surgical outcome data were collected. Demographic variables included age, sex, race, type of surgery, height, and weight. For this study, patients were defined as overweight if they had a body mass index (BMI) of Ն 27 kg/m 2 . Variables from nocturnal oximetry testing included the number of episodes per hour of oxygen desaturation (or oxygen desaturation index [ODI]) of Ն 4% (ODI4%) and the percentage of study time spent with an oxygen saturation of Ͻ 90% (T90%). An oxygen desaturation of Ն 4% was used to determine the ODI since this degree of oxygen desaturation has been used in previous studies. 5 Outcomes included the presence or absence of postoperative complications and hospital length of stay. A complication was defined as an adverse event affecting a major organ system that required further monitoring, additional diagnostic testing, or direct therapeutic intervention. Hospital protocol mandated that patients with SDB determined by an abnormal nocturnal oximetry test result and patients with an established diagnosis of OSA undergo prolonged postanesthesia care unit (PACU) monitoring. Subjects with an ODI4% of Ն 5 were compared to those with an ODI4% of Ͻ5. Nocturnal oxygen desaturation severity was rated as follows: mild (ODI4%, 5 to 20); moderate (ODI4%, 20 to 40); and severe (ODI4%, Ն 40).
Statistical Analysis
The Fisher exact test was used to determine whether there was a statistically significant difference in perioperative complication rates between the ODI4% Ն 5 and ODI4% Ͻ 5 groups. The Fisher exact test and Mann-Whitney test were used to determine which of the candidate risk factors were individually associated with a perioperative complication. The Cochran-Armitage trend test was used to test for trends across the ODI4% severity groups. The asymptotic test for the Somer D(C/R), which measures association between complication (outcome) and ODI4% severity as the predictor, was also calculated. Spearman correlations were used to determine the strength of association between variables (such as ODI and BMI). A logistic regression analysis was subsequently carried out to determine which of the significant risk factors found from the univariate screening process were jointly associated with a complication. A backward-selection algorithm was applied to arrive at a parsimonious model. In order to adjust for multiple comparisons, we arbitrarily used p Ͻ 0.03 to conclude significance, rather than the usual p Ͻ 0.05.
Results
A total of 172 patients aged 27 to 85 years were evaluated. The overall mean (Ϯ SD) age was 54.5 Ϯ 13.6 years. Other relevant demographics are included in Tables 1 and 2 ; the categories of surgical procedures are included in Table 3 .
Home nocturnal oximetry testing revealed that 98 patients (57%) had an ODI4% with five or more desaturations per hour (ODI4%Ն 5) and 74 patients (43%) had an ODI4% with less than five desaturations per hour (ODI4%Ͻ 5). There were 58 patients (33.7%) with an ODI in the mild range, 30 patients (17.4%) with an ODI in the moderate range, and 10 patients (5.8%) with an ODI in the severe range. Due to the small numbers of subjects in the latter group, data from the severe and moderate ODI4% groups were combined for analysis. The mean ODI in the ODI4%Ն 5 group was 21.9 Ϯ 17.4, and the mean ODI in the ODI4%Ͻ 5 group was 1.9 Ϯ 1.4. The T90% was 2.1 Ϯ 4.8% in the ODI4%Ͻ 5 group, and 17.7 Ϯ 25.0% in the ODI4%Ն 5 group (p Ͻ 0.0001). Overall, 17 patients (9.9%) experienced a perioperative complication. Fifteen of these complications (88%) occurred among the 98 patients with an ODI4%Ն 5, while only 2 of the complications (12%) occurred among those patients with an ODI4%Ͻ 5. The T90% was also greater in patients who experienced a complication compared to those without a complication (20.8 Ϯ 25.6 vs 9.9 Ϯ 19.8, respectively; p ϭ 0.03). However, all patients with an increased T90% also had an increased ODI4%; therefore, the T90% essentially reflected the degree of intermittent hypoxia. The categories of complications are shown in Figure 1 , and detailed information on the patients who experienced a complication is given in Table 4 . A hypoxemic complication was defined by a decrease in oxygen saturation that required an addition or increase in supplemental oxygen. An atelectasis event was identified if it had been recorded in the clinical or radiographic record. An increased rate of complications was observed as the severity of SDB increased. The rate of complications increased from 2.7% among patients without nocturnal oxygen desaturation to 13.8% in patients with a mild ODI4%, and to 17.5% in patients with a moderateto-severe ODI4% (p ϭ 0.01).
A trend toward a higher BMI was observed in the ODI4%Ն 5 group compared with the ODI4%Ͻ 5 group (36.5 Ϯ 8.7 vs 34.0 Ϯ 9 kg/m 2 , respectively; p ϭ 0.054). The former group also had a higher proportion of patients who were classified as being overweight with a BMI of Ն 27 kg/m 2 (88% vs 73%, respectively; p ϭ 0.02); more overweight patients had an ODI4%Ն 5 than nonoverweight patients (61% vs 37.5%, respectively; p ϭ 0.02). There were no significant differences between the two groups in age, height, smoking history, type of surgery, number of inpatient days, and number of medical comorbidities. There was no significant difference in the presence of respiratory diseases between the two groups, and none of the patients in our study were receiving long-term oxygen therapy. Men had a significantly higher prevalence of ODI4%Ն 5 than women (64.7% vs 49.5%, respectively; p ϭ 0.05). Spearman correlations revealed a significant association between BMI and ODI4% (r ϭ 0.23; p ϭ 0.003), and between BMI and T90% (r ϭ 0.22; p ϭ 0.004). The number of PACU hours was greater in the ODI4%Ն 5 group than in the ODI4%Ͻ 5 group (11.1 Ϯ 9.5 vs 6.3 Ϯ 7.3 h, respectively; p Ͻ 0.001), but this observation was consistent with the existing hospital protocol requiring that patients with known OSA or an abnormal nocturnal oximetry test result to be observed for an extended duration in the PACU.
Types of Complications
A cross-tabulation of categoric variables was performed, and revealed a significant difference in the complication rates between the ODI4%Ն 5 and ODI4%Ͻ 5 groups (15.3% vs 2.7%, respectively; p ϭ 0.008). Logistic regression analysis was performed to determine which factors were significant contributors to the complication rate. Factors considered were ODI4% group (ie, ODI4%Ն 5 vs ODI4%Ͻ 5), sex, and BMI group (Ն 27 or Ͻ 27 kg/m 2 ). Only the ODI4% grouping was a significant determinant of the rate of perioperative complications. The odds ratio for a postoperative complication was 6.5 in the ODI4%Ն 5 group compared with the ODI4%Ͻ 5 group (95% confidence interval, 1.4 to 29.4; p ϭ 0.015). After adjusting for sex and BMI grouping, the adjusted odds ratio of a perioperative complication increased to 7.2 in the ODI4%Ն 5 group (95% confidence interval, 1.5 to 33.3; p ϭ 0.012).
Discussion
While OSA is a prevalent condition with the potential to cause significant adverse effects in the perioperative setting, the majority of patients remain without a diagnosis. 3 This necessitates screening during preoperative assessment to facilitate the implementation of strategies to minimize the postoperative risk. Since clinical history is an unreliable indicator of the presence of OSA, a more effective screening modality is necessary. 6 Overnight polysomnography is the "gold standard" for the diagnosis of OSA but may be impractical during preoperative assessment. Home nocturnal oximetry has been studied as a potential screening tool, although a wide range of sensitivity and specificity for OSA has been reported. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] Furthermore, prior studies using this modality did not correlate the results of home oximetry testing with perioperative outcomes. In the present study, we directly compared the results of home nocturnal oximetry with the incidence of complications after elective surgery. The ODI4% was the primary metric used to assess SDB. We demonstrated that an ODI4%Ն 5, in patients with clinical features of OSA, independently predicts an increased rate of postoperative complications, with an adjusted odds ratio of 7.2 compared to subjects with an ODI4%Ͻ 5.
The cardiorespiratory consequences of OSA may be exacerbated in the perioperative setting due to the adverse effects of anesthetics and analgesics on ventilatory control and upper airway muscle tone, particularly during the early postoperative period. [22] [23] [24] [25] [26] In addition, sleep disturbances, including sleep deprivation and fragmentation as well as rebound increases in rapid eye movement sleep during later postoperative days, may have additional adverse effects on the cardiac and respiratory systems. [27] [28] [29] [30] Potential clinical consequences of SDB in the perioperative setting include upper airway collapse with obstructive apnea, exacerbation of hypoxemia and hypercapnia, cardiac arrhythmias and ischemia, airway management difficulties, encephalopathy, increased rate of postoperative infections, as well as other adverse effects. [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Case series have suggested that the perioperative use of continuous positive airway pressure (CPAP) reduces the rate of complications in OSA patients. 42, 47 CPAP stabilizes fluctuations in BP, improves upper airway patency and ventilation, reduces myocardial ischemia, and decreases the incidence of cardiac arrhythmias. 42,48 -50 Mooe et al 50 demonstrated that an apnea-hypopnea index of more than five events per hour was an independent risk factor for postoperative atrial fibrillation in patients undergoing coronary artery bypass surgery. Gupta et al 51 found an increased incidence of postoperative complications, an elevated rate of transfers to an ICU, and a prolonged overall length of hospital stay in patients with OSA compared with control subjects matched for age, sex, and BMI. Receiving CPAP therapy prior to surgery appeared to reduce the rate of serious complications and shorten the average length of hospital stay by about 1 day. The choice of postoperative analgesia is also an important consideration since narcotics and benzodiazepines have been shown to adversely affect SDB. 25, 27 Some of the adverse postoperative events that we observed can be directly attributed to underlying SDB. Two patients had oxygen desaturations during the postoperative period that resolved with CPAP therapy. The eight other postoperative respiratory complications consisted of hypoxemia, atelectasis, pneumonia, bronchospasm, and pulmonary embolism. Cardiac complications included chest pain and a case of junctional arrhythmia. While the etiology of these complications is not known, SDB may be a contributing factor. Of the 15 postoperative complications observed in the subjects with SDB, only three complications (intraperitoneal bleeding, two instances; GI bleeding, one instance) may be considered to have been unrelated to SDB.
Our study focused on patients with clinical features of OSA and nocturnal intermittent hypoxia as assessed by the ODI4%. While T90% was also greater in the group with postoperative complications, this variable was closely associated with the ODI; therefore, the T90% essentially reflected the severity of intermittent hypoxia. Thus, conclusions cannot be made regarding patients with sustained hypoxia that may occur as a result of underlying pulmonary dysfunction or hypoventilation. Furthermore, it is worth noting that nocturnal oximetry and the metrics used in its assessment are insensitive to forms of SDB that are not associated with decreases of Ն 4% in saturation such as inspiratory flow limitation and apneas/hypopneas that induce lesser declines in oxygen saturation. Despite these restrictions, this study suggests that even a mild ODI4% rate, at levels frequently not considered clinically significant, may confer an increased risk of postoperative complications. This is consistent with the previous observations of Mooe et al 50 that an apnea-hypopnea index of at least five events per hour was associated with an increased risk of atrial fibrillation after coronary artery bypass surgery. Furthermore, our study also suggests that the rate of postoperative complications increases with increasing severity of SDB.
The limitations of this study include the lack of polysomnographic confirmation of the nocturnal oximetry findings, which prevents determination of the sensitivity and specificity of nocturnal oximetry for OSA in this setting. As a result, in this study nocturnal oximetry is more accurately described as a surrogate marker for SDB rather than as a metric for the presence of OSA and its severity. However, numerous studies have previously correlated oxime-try testing with the assessment of OSA, and Gyulay et al 11 have suggested that a positive oximetry test result has a high positive predictive value for OSA. In addition, the primary variable assessed in our study is the ODI, which detects a pattern of deoxygenation and reoxygenation that is most consistent with sleep apnea-type syndromes, of which OSA is the most common. 52 Therefore, we propose that our use of nocturnal oximetry testing has strong relevance in the assessment of OSA. A second limitation includes the use of nocturnal oximetry only in patients who were preselected with clinical features of OSA during a preoperative evaluation. Thus, the usefulness of nocturnal oximetry as a screening tool in unselected preoperative patients cannot be assessed. Despite these limitations, we demonstrated the potential usefulness of home nocturnal oximetry in preoperative assessment as the results of this test are independently correlated to postoperative complications. However, we cannot prove a causal relationship between nocturnal oxygen desaturation and the observed postoperative complications. This issue can only be resolved by a randomized controlled trial designed to determine whether the perioperative treatment of SDB, potentially with CPAP, in patients with abnormal nocturnal oximetry findings reduces the incidence of complications. Finally, it is worth noting that technical factors such as oximetry sampling and averaging rates may affect determination of the ODI4%. 21 This parameter must be standardized in future studies.
In conclusion, we demonstrated that an ODI4%Ն 5, measured during home nocturnal oximetry, is independently associated with an increased rate of postoperative complications. Future studies are needed to evaluate the effect of perioperative treatment of SDB in patients who are identified to be at risk for this disorder during preoperative assessment.
